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Oxide delafossites represent natural heterostructures with often rather different electronic charac-
teristics in their constituting layers. The design of novel heterostructure architectures highlighting
the competition between such varying characteristics appears promising from the viewpoint of basic
research as well as for future technological applications. By means of the combination of density
functional theory and dynamical mean-field theory, we here unveil the formation of highly cor-
related electron states in delafossite heterostructures build from metallic PdCrO2 and insulating
AgCrO2. Due to the sophisticated coupling between layers of strong and of weak internal inter-
action, correlation-induced semimetals at ambient temperature and doped Mott-insulators at low
temperature are predicted in this study.
I. INTRODUCTION
Delafossite oxides1 ABO2, where A and B are differ-
ent metallic elements, have gained ample renewed inter-
est, mainly from two directions. First, the dominant
part of these compounds is insulating, and technolog-
ically promising due to their potential as transparent
conducting oxides2 as well as their possibly multifunc-
tional character, e.g. by showing magnetic/ferroelectric
response3,4 and high potential for photocatalytic appli-
cations5. Second, the small subgroup of metallic delafos-
sites usually displays an enormously high electric con-
ductivity, belonging to the most-conductive metals at
room temperature6,7. General key signatures of delafos-
site crystal lattices are the triangular-coordinated planes
and especially the dumbbell O−A−O bonds along the
c-axis. The layered R3¯m architecture of alternating A+-
and B3+O2 planes gives rise to a ’natural heterostruc-
ture’, i.e. the different planes may host a rather different
electronic character. Tuning and designing the differ-
ent aspects of delafossites by further technological het-
erostructuring thus may open a route to challenging new
materials with exceptional properties.
Among these fascinating materials, the PdCrO2 com-
pound stands further out as it unites high metallicity
from the Pd+(4d9) planes with Mott-insulating CrO2 lay-
ers8–11. Replacing Pd by neighboring Ag formally leads
to a closed 4d10 shell and nonsurprisingly, AgCrO2 is in-
deed insulating with a technologically interesting band
gap of 1.68 eV5. In both delafossites, the localized Cr
spins order in an antiferromagnetic 120◦ manner be-
low Ne´el temperatures 37.5 K (PdCrO2), 21 K (AgCrO2).
Moreover, the palladium delafossite shows an unconven-
tional anomalous Hall effect12 at low temperature T ,
whereas the silver delafossite displays multiferroic prop-
erties3. While both individual compounds are of promi-
nent interest of their own, we want to open a new path
in delafossite research in this work. By using the oxide-
heterostructure concept, the goal is to theoretically fur-
ther engineer the unique layer-triggered competition be-
tween itinerant and insulating tendencies in these CrO2-
based delafossites. As we wil show, this manipulation en-
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FIG. 1. (color online) Crystal structures of the designed
delafossite heterostructures with stacking along the c-axis.
Pd2AgCrO2, PdAgCrO2 and PdAg2CrO2 (from left to right).
Pd: blue, Ag: grey, Cr: green and O: red.
ables the stabilization of even more intriguing electronic
phases, and drives the challenge of the common metal-
versus-insulator paradigm to another level.
We study delafossite heterostructures PdnAgmCrO2
with n(m)=1,2 planes of Pd(Ag) in the primitive cell,
and as in the conventional bulk compounds, separated by
CrO2 layers. Thus, three different articial heterostruc-
tures are realized mediating between the natural het-
erostructures PdCrO2 and AgCrO2, namely Pd2AgCrO2
(P2A), PdAgCrO2 (PA) and PdAg2CrO2 (PA2) (see
Fig. 1). In order to cope with the demanding electronic
structure problem involving the competition between
itinerant, band-insulating as well as Mott-insulating lay-
ers, the elaborate charge self-consistent combination13–15
of density functional theory (DFT) and dynamical mean-
field theory (DMFT) is put into practise to elucidate
the correlated electronic structure, respectively. At room
temperature, while PA2 is foreseen as a doped-insulator
metal, PA2 and PA are predicted to be correlation-
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2induced semimetals with singular electronic characteris-
tics.
II. RESULTS
1. PdCrO2 and AgCrO2
To set the stage, we first briefly focus on the elec-
tronic structure of the natural bulk systems PdCrO2 and
AgCrO2. Experimental lattice parameters
1,5 a = 2.930 A˚
and c = 18.087 A˚ for PdCrO2 as well as a = 2.985 A˚
and c = 18.510 A˚ for AgCrO2 are used. The internal
degree of freedom z, governing the oxygen distance to
the A+ plane is obtained from DFT structural optimiza-
tion, reading z = 0.1101 (0.1095) for PdCrO2(AgCrO2).
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FIG. 2. (color online) DFT+DMFT spectral data of the bulk
phases. (a) PdCrO2 spectral function A(k, ω) along high-
symmetry lines in the kz = 0 plane of reciprocal space (left)
and k-integrated site- and orbital-projected spectral function
(right). (b) PdCrO2 Fermi surface for kz = 0 within the
first Brillouin zone (green hexagon) (c) PdCrO2 k-integrated
Bloch contribution Aν(ω) with characterization of dominance.
(d) AgCrO2 spectrum (constructed as (a)).
Figure 2 presents a summary of the spectral character-
istics. For PdCrO2, local Coulomb interactions on the
chromium site of U = 3 eV and JH = 0.7 eV prove ad-
equate as discussed in Ref. 10. The system is uniquely
metallic with a single conducting Pd-dominated (cPd)
quasiparticle dispersion at the Fermi level εF and Mott-
insulating CrO2 layers (see Fig. 2a). The cPd disper-
sion is dominantly formed by a linear combination of
in-plane dx2−y2 and dxy, as well as by some dz2 con-
tribution (see Ref. 10 for more details). Note that the k-
integrated projected spectral function Aproj(ω) still dis-
plays sizable Cr-weight at low energy, associated with
the cPd band. Thus intricate hybridization between the
conducting and the Mott-insulating layers is at play10.
The single-sheet Fermi surface, shown in Fig.2b, is of
hole kind and of hexagonal shape, in line with photoe-
mission9,16. It is furthermore instructive to visualize the
individual Bloch-resolved k-integrated spectral functions
Aν(ω) with Bloch index ν, that form the total spectral
function, i.e. Atot(ω) =
∑
ν Aν(ω). Figure 2c shows that
dominantly, there is a single low-energy Pd-dominated
(LE-Pd) contribution at the Fermi level. Be still aware
that the complete cPd spectral weight consists of the low-
energy ν-sum of all Bloch spectra.
In the case of AgCrO2, the quasi closed-shell charac-
ter of Ag reduces the screening within the CrO2 sub-
system and we therefore increased the Hubbard inter-
action on Cr to U = 4 eV. Figure 2d exhibits that the
CrO2 layers remain Mott insulating, but the previously
conducting band becomes completely filled and thus the
system as a whole insulating. Hence AgCrO2 is a com-
bined band-Mott insulator. The obtained charge gap of
∼ 1.8 eV is in good agreement with experiment. Note
that the valence-band maximum is of mixed Ag, O char-
acter, while the conduction-band minimum of dominant
Cr upper-Hubbard band character. Notably, whereas the
Pd(4d) states in PdCrO2 align with the Cr lower Hub-
bard band, the Ag(4d) states align with O(2p).
2. Designed heterostructures
For the heterostructures PdnAgmCrO2, supercells of
1×1×3 kind (12 basis atoms) for n 6= m and of 1×1×2
kind (6 basis atoms) for n = m = 1 are constructed (see
Fig. 1). The respective supercell lattice parameters are
obtained from linear interpolation of the bulk parame-
ters and the atomic positions are structurally optimized
within DFT. The Hubbard U on the Cr site is also cho-
sen to result from a linear interpolation of the respective
bulk values, i.e. JH = 0.7 eV and U(P2A)= 3.33 eV,
U(PA)= 3.50 eV, U(PA2)= 3.67 eV.
In order to first address the phase stability, the elec-
tronic formation energy
E
(nm)
form =Etot(PdnAgmCrO2)
−nEtot(PdCrO2)−mEtot(AgCrO2) , (1)
where Etot are the total energies either in DFT or
30 1 2 3 4
Aproj (1/eV)
Cr(3d)
Pd(4d)
Ag(4d)
O(2p)
Pd2AgCrO2
-1.0 -0.5 0.0 0.5 1.0
ω (eV)
0
1
2
3
4
A ν
 
(1/
eV
)
LE-Pd1
LE-Pd2
Cr-dominated
other
(a) (b) (c)
0 1 2 3 4
Aproj (1/eV)
Cr(3d)
Pd(4d)
Ag(4d)
O(2p)
PdAgCrO2
-1.0 -0.5 0.0 0.5 1.0
ω (eV)
0
1
2
3
4
A ν
 
(1/
eV
)
LE-Pd
Cr-dominated
other
(d) (e) (f)
0 1 2 3 4
Aproj (1/eV)
Cr(3d)
Pd(4d)
Ag(4d)
O(2p)
PdAg2CrO2
-1.0 -0.5 0.0 0.5 1.0
ω (eV)
0
1
2
3
4
A ν
 
(1/
eV
)
LE-Pd
Cr-dominated
other
(g) (h) (i)
FIG. 3. (color online) DFT+DMFT spectral data of the designed heterostructures: (a-c) Pd2AgCrO2, (d-f) PdAgCrO2 and
(g-i) PdAg2CrO2. (a,d,g) spectral function A(k, ω) along high-symmetry lines in the kz = 0 plane of reciprocal space (left)
and k-integrated site- and orbital-projected spectral function (right). (b,e,h) Fermi surface for kz = 0 within the first Brillouin
zone (green hexagon). (c,f,i) k-integrated Bloch contribution Aν(ω) with characterization of dominance.
DFT+DMFT, may be considered. Within DFT, all de-
signed heterostructures yield a negative Eform, thus the
considered phases are stable against decomposition into
a mixture of the bulk phases. Within DFT+DMFT, only
the P2A structure has a negative formation energy, but
the absolute values of the order of ∼ 10 meV/atom are
rather small troughout the series. Note that the given
E
(nm)
form should only be interpreted as a rough guide for
phase stability, since the latter depends furthermore on
the temperature window, the entropy, the vibrational free
energy and further nano-structuring effects, i.e. given
through thin-film architectures. Therefore in summary,
we consider the given PdnAgmCrO2 phases as indeed
serious candidates for stable heterostructures in exper-
iment.
The spectral information for the three heterostructures
at room temperature is summarized in Fig. 3. Let us
start with the PA2 structure of one Pd layer embedded
by CrO2 and two layers of Ag (Fig. 3(g-i)). The electronic
structure is not that surprising, it displays a doped in-
sulator with a nearly-filled conducting band. However
notably, not only the Pd layer contributes right at the
Fermi level, but also the CrO2 layer. Though the hid-
den Mott-insulating state is not fully melted, it becomes
considerably disturbed in the PA2 structure. Naturally,
from this result one would expect the remaining PA and
P2A structures also to show obvious metallic character,
mainly differing in the filling of the conducting band. Yet
surprisingly, while A(k, ω) still exhibits low-energy dis-
persions crossing the Fermi level (Fig. 3(a,d)) with evi-
dent fermiology (Fig. 3(b,e)) for these heterostructures,
the k-integrated spectral information marks gap-like fea-
tures of size ∼ 0.2 eV. It is important to point out that
this finding is not an artifact of the analytical continua-
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FIG. 4. (color online) Temperature-driven electronic transi-
tion in the delafossite heterostructures. Left: Total spectral
function for P2A (top), PA (middle) and PA2 (bottom) at
T = 290 K and T = 145 K. Right: Element-specific projected
spectral function at low energy for T = 145 K (same structure
ordering as left part).
tion from Matsubara to real frequencies, but reproduca-
ble both the with maximum-entropy as well as with the
Pade´ scheme.
The physical scenario is best coined by the term
correlation-induced semimetal (CIS), where electronic
correlations suppress low-energy spectral weight in a non-
trivial dispersion setting. Note that this character is due
to the unique coupling of originally weakly correlated Pd-
based and strongly correlated Cr-based contributions in
the (Pd,Ag)CrO2 system. This coupling leads to a van-
ishing of the low-energy dispersion upon k integration
for the P2A and PA heterostructures. The CIS state at
room temperature is expectedly the result of a very low
coherence scale of an underlying effectively doped Mott-
insulationg state of the CrO2 layers. The DFT+DMFT
calculations at lower temperature are numerically espe-
cially demanding for the multi-site five-orbital correlated
subspaces in the heterostructure design. But indeed, at
T = 145 K a low-energy resonance emerges in the total
spectral function of the delafossite heterostructures (see
Fig. 4, left). Notably, this resonance is now of dominat-
ing Cr character, and carries sizable Pd weight only for
the P2A structure (see Fig. 4, right). Thus the given de-
lafossite heterostructures display a semimetal-to-doped-
Mott-insulator transition with decreasing temperature.
A minimal picture behind these numerical results may
be as follows. Heterostructuring of PdCrO2 and AgCrO2
leads to an effective weak doping of the CrO2 layers, thus
charge fluctuations between the Pd layers and the latter
increase. Since the hopping within the Pd layers does
not become heavily dressed in the Hubbard sense, the
cPd dispersion is not strongly renormalized. In other
words, there is no strong cPd band-narrowing effect, as
seen in Fig. 3a,d,g. Instead, spectral-weight transfer
away from low energy and loss of coherence occurs for
an only weakly modified cPd dispersion. Still, the scat-
tering with the doped CrO2 layers is effective in mark-
ing a semimetallic scenario. At lower temperatures, the
excitations in the doped-Mott layers eventually become
coherent and a resonance appears at low energy.
Let us finally focus in some more detail on the room-
temperature P2A electronic structure with the intrigu-
ing twofold quasiparticle-like dispersion at low energy (cf.
Fig. 5b). Figure 5a highlights the fact that there are two
symmetry-inequivalent Cr layers: Cr”O2 sandwiched by
Ag and Pd layers as well as Cr’O2 sandwiched by two Pd
layers. The twofold dispersion crossing the Fermi level
along Γ-K and M-Γ is nonsuprisingly of dominant Pd(4d)
character as shown in Fig. 5c. While the Cr’ weight is
balanced between the two, the Cr” weight breaks this
symmetry and attains somewhat larger weight on the
FS sheet with slightly larger kF (see Fig. 5d,e). Hence
within the challenging correlation physics of the present
delafossite heterostructures, there is furthermore an in-
tricate hybridization component. Already without even
Cr’’ AgCr’PdPdCr’Ag
a
c
b
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FIG. 5. (color online) Details on the Pd2AgCrO2 physics.
(a) Crystal structure with vertical c-axis, displaying the
symmetry-inequivalent Cr’ and Cr” layers (color coding as
Fig 1). (b) Low-energy blow up of the k-resolved spectral
function along high-symmetry lines. (c-e) Site- and orbital-
resolved spectral-function weight: (c) Pd(4d), (d) Cr’(3d) and
(e) Cr”(3d).
5considering possible magnetic ordering, there are many
relevant degrees of freedom that give rise to a fascinating
playground for very rich physics in designed delafossite
heterostructures.
III. CONCLUSIONS
Delafossite materials, and especially the metallic ones,
are not only highly interesting in stoichiometric bulk
form. In this paper we have shown that tailored
heterostructuring of metallic PdCrO2 and insulating
AgCrO2 opens the door towards a plethora of challen-
ing physics. The explicit aspect of electronic correla-
tion, which is present but to a large extent hidden in
the bulk compounds, takes over in the heterostructure
phases PdnAgmCrO2 and renders the demanding rivalry
between metallicity and insulating tendencies strikingly
obvious. Correlation-induced semimetallic states at room
temperature and a transition to a doped Mott-insulating
regime with low coherence scale at lower temperature
have been revealed. Furthermore, layer-selective hy-
bridization may play a decisive role in order to select the
stable many-body states at low energy. Eventual com-
petition with antiferromagnetic spin-ordering tendencies
upon further lowering T will even enlarge the scenario of
competing many-body instabilities.
Still, the question concerning experimental realization
of these and further delafossite heterostructures arises.
The representation of delafossites with standard growth
techniques has proven challenging in the past. However
the recent growth of PdCoO2 by molecular beam epi-
taxy17 is encouraging and should pave the road for a
future realization of delafossite heterostructures. In ad-
dition, single-layer deposition onto suitable terminated
bulk delafossite may already prove helpful in creating
exciting electron states on a surface (see e.g. Ref. 18 for
work in that direction).
Let us conclude by the final remark that the key metal-
delafossite physics of a crucial coupling between weakly
itinerant layers and strongly correlated (Mott) layers con-
nects also to the recent finding of superconductivity in
infinite-layer nickelate19, where similar couplings20 might
be at play.
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Appendix A: Methods
A charge self-consistent combination of density func-
tional theory and dynamical mean-field theory (DMFT)
is employed15. The mixed-basis pseudopotential
method21,22, based on norm-conserving pseudopotentials
with a combined basis of localized functions and plane
waves is used for the DFT part with the generalized-
gradient approximation in form of the PBE functional23.
Within the mixed basis, localized functions for Cr(3d),
Pd(4d) and Ag(4d) states as well as for O(2s) and O(2p)
are utilized to reduce the plane-wave energy cutoff. The
correlated subspace for the DMFT part consists of the
effective Cr(3d) Wannier-like functions as obtained from
the projected-local-orbital formalism24,25, using as pro-
jection functions the linear combinations of atomic 3d
orbitals, diagonalizing the Cr(3d) orbital-density ma-
trix. A five-orbital Slater-Kanamori Hubbard Hamilto-
nian governs the interacting electrons, parametrized by
a Hubbard U and a Hund’s exchange JH. The single-
site DMFT impurity problems in the given problems
are solved by the continuous-time quantum Monte Carlo
scheme26,27 as implemented in the TRIQS package28,29.
A double-counting correction of fully-localized type30 is
applied. To obtain the spectral information, analytical
continuation from Matsubara space via the maximum-
entropy method as well as the Pade´ method is performed.
If not otherwise stated, the DFT+DMFT calculations are
conducted by setting the system temperature to room
temperature T = 290 K. Paramagnetism is assumed in
all the computations.
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